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Technologies Laboratory Motivation and Inspiration

The overall motivation is to increase the performance of condensers 
in thermal power plants using patterned non-wetting 

superhydrophobic and liquid-infused surfaces on condenser materials. 

Beilstein J Nanotechnol. 2011; 2: 152–161

𝜃 > 120! hydrophobic
𝜃 > 150! superhydrophobic

Ants aquaplaning in a pitcher plant–
SLIPS in nature

Source: The Internet 

SLIPS on Condenser Tubes
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If condenser tube surfaces can be engineered to be non-wetting (superhydrophobic or liquid 
infused), we can potentially enhance heat transfer performance by: 
(1) promoting dropwise condensation of the steam on the shell side and eliminating flooding 

of the surface structure by maintaining low droplet adhesion, thus increasing 
condensation heat transfer coefficient; 

(2) reducing the number of tubes, coolant water usage, and levelized cost of condenser; and
(3) deterring fouling and corrosion, thereby reducing fouling resistance and improving heat 

transfer
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Texturing

Functionalization

Stearic acid
Margaric acid
Mercaptan
Silane
Octylphosphonic acid

Gentoo
Sylgard

Conformal

Curing

Lubricant infusion

Krytox 101
Krytox 102
Krytox 103
Krytox 104
Krytox 105
Dowsil 510-50
Dowsil 510-100
Santolube OS-105

Lubricants
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Wide range of materials 

• Copper
• Brass
• Monel
• Inconel
• Stainless steel
• Aluminum
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Vacuum: 7.4 kPa
Steam at 40 C

∆𝑇"#= 2.5– 20℃

𝑞$%&'' =
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𝐴( 𝑅) + 𝑅$

𝜀 =
𝑞''

𝑞$%&'' =
𝑅) + 𝑅$

𝑅) + 𝑅$ + 𝑅*
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Stoddard, Nithyanandam, Pitchumani, iScience, 2021
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s-1 =

Fast Fourier Transform

Stoddard, Nithyanandam, Pitchumani, iScience, 2021
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𝐵𝑜 =
∆𝜌𝑔𝑙+

𝜎
Bond number: 

𝐵𝑜′ =
𝜌" − 𝜌, 𝑔𝑠+
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𝜇"

./ 0
Modified Bond number: 

𝜃' = ⁄∆𝑇"# 𝑇, .0 1Dimensionless LMTD:

Stoddard, Nithyanandam, Pitchumani, iScience, 2021
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Nithyanandam, Shoaei, Pitchumani, Energy, Invited Article, 2021
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𝑃* =
𝑄̇2

𝐻𝑅' 1 + 𝐻𝑅2
−
∆𝒫2-𝑚̇2-𝑁3
𝜌2-𝜂4

∆𝒫2-= 𝑓
𝐿3
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Condenser and Power Plant Performance

𝑚̇2- = ⁄𝜌2-𝑉2-𝑁3𝜋𝑑)
+ 4

𝜂 =
𝑃*
𝑄̇2
× 1 −

1
𝐻𝑅' 1 + 𝐻𝑅2

𝐻𝑅' = 2.942 ⁄𝑘𝑊3 𝑘𝑊*
is the heat rate at turbine 
back pressure of 3 in Hg abs

𝐻𝑅2 :Heat rate correction factor (Webb)

𝑄̇2 = (𝑈𝐴5)𝑁3∆𝑇"#
Condenser heat rejection rate

𝑅6 = 𝑅2- + 𝑅7 + 𝑅$ + 𝑅2

𝐶6 = 𝐶89 + 𝐶:

Cost Model

Total condenser cost:

𝐶!" = 3.291 ( 𝐹# ( 𝐹$ ( 𝐹%
( exp 11.667 − 0.8709 ln 𝐴&𝑁' + 0.0986 ln 𝐴&𝑁' (

𝐹#: Pressure factor = 𝑓(max. steam pressure) (Walker, et al., 2012)
𝐹$:Material factor = 𝑓(A), N*) (Sieder, et al., 2004)
𝐹%: Tube length factor

𝐶: = 𝐶:,2$ + 𝐶:,< + 𝐶:,*=
𝐶:,2$ = 𝜌2$× 𝐴5 + 𝐴) ×𝑁3×𝑏2$× ̅𝐶2$
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𝐴/
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𝐴& + 𝐴.
𝐴/

×𝑡- + 𝑡0

LCOC =
𝐶3 + 𝐶4×𝑁&×𝑁5 + 𝐶+ ×𝛾 ×𝑁5

𝑄1 ×𝑁5
𝑄1 = L

6!78

9:;

𝑃1 ×24

Net annual electric energyLevelized Cost of Condenser (20 year lifetime)

Nithyanandam, Shoaei, Pitchumani, Energy, Invited Article, 2021
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Nithyanandam, Shoaei, Pitchumani, Energy, Invited Article, 2021
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Nithyanandam, Shoaei, Pitchumani, Energy, Invited Article, 2021
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Economic Advantage of Condensers with 
Nonwetting Surfaces

Nithyanandam, Shoaei, Pitchumani, Energy, Invited Article, 2021
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Nithyanandam, Shoaei, Pitchumani, Energy, Invited Article, 2021
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